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The local atomic structure of Ni-Mn-Ga alloys was explored using Mn and Ga K-edge extended
X-ray fine structure (EXAFS) measurement. The changes occuring in the L10 sub-cell of the marten-
sitic unit cell and the bond lengths obtained from the analysis enables us to propose a scheme for
the structural distortions responsible for the modulations and shuffling of the atomic planes in
the martensitic phase of Ni-Mn-Ga system. The EXAFS analysis also suggests the changes in hy-
bridization of Ga-p and Ni-d orbitals associated with the local symmetry breaking upon undergoing
martensitic transition.
Martnesitic transformations are first-order, diffusion-
less, displacive, solid-solid phase transformation tak-
ing place upon cooling below a characterisitc tempera-
ture TM from a high symmetry initial phase to a low-
symmetry structure [1]. Extensive studies in the past
have attributed the structural transformations to the
phonon anamolies occuring in the parent phase [2, 3].
Here, an incomplete softening of the [ζ ζ 0]TA2 phonon
mode at a particular wave vector ζ0(corresponding to the
periodicity of the martensitic phase) with displacement
along the [110] direction takes place. Such a phonon soft-
ening is belived to be due to contribution from electron-
lattice coupling and nesting of the Fermi surface [4, 5].
Ni2MnGa is one of the shape memory alloys that ex-
hibits martensitic transformation upon cooling through
220K. Moreover, it is ferromagnetic with a Curie tem-
perature, TC ∼ 370K making it a technologically impor-
tant magnetic shape memory alloy. Inelastic scattering
measurements made on the single crystals showed that
the softening of the [ζ ζ 0]TA2 phonon mode occurs at
wave vector ζ0∼ 0.33 and has been related to the spe-
cific shape of the Fermi surface of Ni2MnGa [6]. Alot
of theoretical and experimental study that reveal dif-
ferent properties related to martensitic transformation
have been carried out [7, 8]. The early neutron diffrac-
tion study [9] determined the structure of the stoichio-
metric Ni2MnGa to be cubic L21 Heusler type with a
= 5.825A˚. Many other investigations have been carried
out on the near-stiochiometric alloys confirming that the
martensitic structure is a tetragonal distortion of the ini-
tial cubic lattice. The low temperature crystal struc-
ture of the non-stoichiometric Ni-Mn-Ga alloys revealed
that there exists different intermartensitic transforma-
tions as the lattice is subjected to periodic shuffling of
the (110) planes along the [11¯0]P direction of the initial
cubic system [10] with modulation period dependent on
the composition as summarized in [11]. Recent calula-
tions by [12, 13] indicate the importance of modulated
structure and the shuffling of atomic planes in stabilizing
the martensitic structure. In spite of intense efforts, the
underlying mechanism giving rise to such a phase trans-
formation is still not well understood. The nature of
modulations forming the super structures and the driv-
ing force for the martensitic transformation in these al-
loys is currently at debate. An understanding at the
microscopic level of such transformation can be achived
by making a comparative study of the unit cell in go-
ing from austinitic to martensitic phase. Thus a precise
knowledge of the changes occuring in the L10 sub-unit of
the martensitic phase is fundamental in understanding
the mechanism involved in martensitic tansformations.
It is with this objective that the present experiment was
undertaken.
In this letter we report EXAFS studies at Mn and
Ga K-edge in the Ni-Mn-Ga system to explore the
changes in local environment around these metal ions
in the austenitic and martensitic phase. We have car-
ried out the measurements on two alloy compositions:
Ni2MnGa with TM = 220K and Ni2.16Mn0.84Ga with TM
= 316K. Therefore, at room temperature, Ni2MnGa and
Ni2.16Mn0.84Ga represents the austinitic and martensitic
phases of the Ni-Mn-Ga system respectively. It may be
noted that the the sensitivity of XAFS analysis to distin-
guish between Mn (Z = 25) and Ni (Z = 28) occupying
the same crystallographic site is limited. Hence as far
as the XAFS analysis is concerned, the off-stoichiometric
composition is not significantly different from the stoi-
chiometric one. Moreover, in Ni2.16Mn0.84Ga the excess
Ni substituting at Mn site does not replace even one full
atom of Mn in a unit cell.
Polycrystalline ingots of Ni2MnGa and Ni2.16Mn0.84Ga
were prepared by conventional arc-melting method[14,
15]. Room temperature powder X-ray diffraction pat-
terns recorded on Rigaku D-MAX IIC diffractometer
with Cu Kα radiation indicated the samples to be phase
pure and Energy dispersive X-ray (EDX) analysis con-
firmed the compositions to be nominal.
Absorbers for the EXAFS experiments were made by
spreading very fine powder on a scotch tape avoiding
any sort of sample inhomogentiy and pin holes. Small
strips of the sample coated tape were cut and were held
one on top of other. Enough number of such strips
were adjusted to give absorption edge jump (∆µx) of
about 1. Room temperature EXAFS at Mn and Ga
K-edges were recorded in the transmission mode at the
EXAFS-1 beamline at ELETTRA Synchrotron Source
2using Si(111) as monochromator. The incident and trans-
mitted photon energies were simultaneously recorded us-
ing gas-ionization chambers filled with mixtures of He-
N2 for Mn edge and Ar-N2 for Ga edge. Measurements
were carried out from 300eV below the edge energy to
1000eV above it with a 5eV step in the pre-egde region
and 2.5eV step in the EXAFS region. At each edge, three
scans were collected for each sample. Data analysis was
carried out using IFEFFIT suite wherein theoretical fit-
ting standards were computed with ATOMS and FEFF6
programs [16, 17] and fitting was done using FEFFIT
program [18].
Magnitude of k3 weighted Fourier transform (FT)
spectra for Mn and Ga K-edge EXAFS in austenitic
Ni2MnGa and martensitic Ni2.16Mn0.84Ga are presented
in Fig.1. The first peak at around R = 2.5A˚ is due to
scattering from the nearest-neighbour shell comprising of
8 Ni atoms. Martensitic transition being diffusionless, no
drastic variation atleast in the first shell is expected in
the two phases. Indeed, it is seen from Fig.1 that the
first peak position remains unchanged in the FT spectra
of Mn K EXAFS for the two samples. However, in case
of FT of Ga K EXAFS a shift to lower R in the position
of the first peak is observed for the sample in martensitic
phase. This is very important observation in context to
modulated structures in martensitic phase. Further, the
broad peaks in the range R = 2.8 - 5.0A˚ are due to the
combined contribution from the second to fourth single
scattering paths and some relatively weak multiple scat-
tering paths. In this region of R, a difference in spectral
signatures of the two alloys is quite evident. This can be
attritubed to the lowering of symmetry from the parent
cubic structure due to martensitic transition.
EXAFS spectrum of Ni2MnGa for both the edges was
fitted using the common set of variable parameters with
Fm3m space group and lattice constant 5.825A˚. In this
model, the correction to the path lengths was refined with
a constraint,
δR = δr1 ×
Reff
Rnn1
where Rnn1 is the nearest neighbour distance, kept fixed
to 2.5223A˚ obtained from the lattice constant, Reff is
the calculated bond length obtained from FEFF and δr1
is the change in first neighbour distance. This approach
reduces the number of variable parameters in the fit. The
thermal mean-square variation in the bond lengths, σ2,
were varied independently for each kind of single scatter-
ing paths considered in the fit. The fitting was carried
out in R-space in the range 1A˚ to 5A˚. The final fitted
parameters obtained are presented in the TableI and the
fittings in the R space and the back transformed k-space
are shown in Fig.2. As seen from the figure, the fitting
is quite satisfactory.
The starting model for EXAFS analysis for martensitic
Ni2.16Mn0.84Ga was changed to an orthorhombic struc-
TABLE I: Results of the fits to the Mn and Ga edge data of
Ni2MnGa. Figures in parantheses indicate uncertainity in the
last digit.
Mn K-edge k range: (2- 15)A˚−1 k-weight: 3 R range: (1-5)A˚
Bond Type Bond Length σ2 Coordination
R (A˚) (A˚2) Number
Mn-Ni1 2.523(3) 0.0093(4) 8
Mn-Ga1 2.914(3) 0.035(2) 6
Mn-Mn1 4.12(3) 0.024(6) 12
Mn-Ni2 4.83(3) 0.022(4) 24
Ga K-edge k range: (2- 15)A˚−1 k-weight: 3 R range: (1-5)A˚
Bond Type Bond Length σ2 Coordination
R (A˚) (A˚2) Number
Ga-Ni1 2.521(2) 0.0079(3) 8
Ga-Mn1 2.911(2) 0.029(6) 6
Ga-Ga1 4.12(2) 0.021(4) 12
Ga-Ni2 4.83(2) 0.016(2) 24
ture with space group Fmmm and lattice parameters a
= b = 5.47A˚ and c = 6.48A˚[19]. The advantage of such
an orthorhombic structural model is that only the lat-
tice parameters change from that of the cubic L21 phase
while the relative atomic coordinates remain unchanged.
In the fits, the σ2 values obtained for Ni2MnGa served
as starting parameters and δR parameters were varied
independently. The σ2 values were subsequently refined
to obtain better fitting. TableII presents the final fit-
ted parameters and Fig.3 presents the R-space and back
transformed k-space fittings. The quality of the fit shows
that the model adopted by us is quite satisfactory.
The important finding of the entire analysis is the
change that occurs in the first shell of the central atom.
The variation in the Mn-Ni and Ga-Ni bond distances
obtained from the Mn and Ga edges in the two alloys
reveal alot about the underlying martensitic transfor-
mations. From the Mn K-edge data analysis it is seen
that the Mn-Ni bond distance increases from 2.523A˚ to
2.532A˚ in going from the austenitic to martensitic struc-
ture. However, from the Ga K-edge data analysis the
Ga-Ni bond length does not follow the same trend. As
seen from the TableI and II, Ga-Ni distance infact de-
creases by 0.007A˚ from 2.521A˚ to 2.514A˚. Furthermore,
if one considers the difference between Mn-Ni and Ga-Ni
bond distances in martensitic phase alone, this change
is amplified to 0.018A˚. Both the central atoms, Mn and
Ga can be viewed to be at the body centered position
of a reduced tetragonal structure formed by Ni atoms.
A non-uniformity in their bond distance with Ni of the
order of 10−2A˚ is unexpected and hints towards the mi-
croscopic changes influencing the formation of the macro-
scopic modulated phases. This directly points towards
3TABLE II: Results of the fits to the Mn and Ga edge data of
Ni2.16Mn0.84Ga. Figures in parantheses indicate uncertainity
in the last digit.
Mn K-edge k range: (2- 15)A˚−1 k-weight: 3 R range: (1-5)A˚
Bond Type Bond Length σ2 Coordination
R (A˚) (A˚2) Number
Mn-Ni1 2.532(2) 0.0083(3) 8
Mn-Ga1 2.755(6) 0.0088(6) 4
Mn-Ga2 3.24(6) 0.017(7) 2
Mn-Mn1 3.94(3) 0.018(6) 4
Mn-Mn2 4.25(1) 0.013(2) 2
Mn-Ni2 4.77(2) 0.017(3) 16
Mn-Ni3 4.92(7) 0.0057(7) 8
Ga K-edge k range: (2- 15)A˚−1 k-weight: 3 R range: (1-5)A˚
Bond Type Bond Length σ2 Coordination
R (A˚) (A˚2) Number
Ga-Ni1 2.514(2) 0.0081(3) 8
Ga-Mn1 2.734(9) 0.011(1) 4
Ga-Mn2 3.20(2) 0.040(4) 2
Ga-Ga1 3.90(2) 0.017(8) 4
Ga-Ga2 4.24(2) 0.013(3) 8
Ga-Ni2 4.74(2) 0.015(2) 16
Ga-Ni3 4.92(2) 0.008(1) 8
some sort of structural distortions in the orthorhombic
cell. The disagreement in the value of bond lengths ob-
tained from Ga K-edge analysis and from those obtained
from Mn edge analysis based on the orthorhombic struc-
tural model can be understood if one considers the move-
ment of Ga atom in the (110) plane along the [11¯0]P di-
rection. A modulated structure with Ga atom moved by
1% from its crystallographic position of (0, 0, 1
2
), in the
cubic phase can fully explain the observed bond-lengths.
This is summarized in pictorial form in Fig.4.
It is this movement of Ga atoms that gives rise to
modulations and the associated superstructures while the
rigid Mn atoms forms an orthorhombic cell. It may be
noted that the room temperature crystal structure of
Ni2.16Mn0.84Ga has been reported in literature to be of
7M modulated type[20].
It appears from EXAFS analysis that when the sam-
ple undergoes martensitic transition, Ga and Ni atoms
move closer to each other while the Mn atoms move away.
A similar conclusion has also been drawn from the first
principles calculation of electronic structure by Zayak et
al[13]. Such a movement of atoms results in increase in
p − d hybridization at the Fermi level. Zayak et al[12]
have shown that the enhancement of interaction between
Ga p and Ni d results in a dip in minority spin DOS
at the Fermi level which is responsible for martensitic
phenomena in Ni-Mn-Ga alloys. While the theoretical
calculation[13] predicts a cooperative movement of all
the atoms to be responsible for the modulated structure,
our EXAFS analysis seems to show that atleast for the
martensitic structures with c/a > 1 the movement of Ga
atom alone can account for the same.
In summary, we have presented the local structural
changes occuring in the crystal structure of Ni-Mn-Ga
system on moving from austinite to martensite phase.
The EXAFS study at Mn and Ga K-edges brings out very
important aspects related to the changing p−d hybridiza-
tions. The involvement of atomic displacements giving
rise to modulated structures has been contemplated theo-
retically. However all such calculations considered move-
ment of all the 3 constituent atoms from their crystallo-
graphic positions by different amounts[11, 12]. The phys-
ical significance of the present study can be immediately
appreciated as it clearly points out the movement of only
one type of atom i.e. Ga to be responsible for a modu-
lated structure.
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FIG. 1: The k3 weighted FT EXAFS spectra for Mn and
Ga K-edge for Ni2MnGa and Ni2.16Mn0.84Ga. An indi-
cation of change in the nearest neighbour bond-length for
Ni2.16Mn0.84Ga is evident from the shift of the first peak
(∼2.5A˚) in Ga K-edge spectra.
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FIG. 2: Fit results for Mn and Ga K-edge EXAFS in
Ni2MnGa.The upper panel show the fit in R space and the
lower panel show the k3 weighted back transformed spectra.
The circles represent the data and the solid line is the fit.
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FIG. 3: Fit results for Mn and Ga K-edge EXAFS in
Ni2.16Mn0.84Ga.The upper panel show the fit in R space and
the lower panel show the k3 weighted back transformed spec-
tra. The circles represent the data and the solid line is the
fit.
6FIG. 4: The L10 sub-unit of the orthorhombic cell is shown.
The arrows indicate the possible mechanism for movement of
Ga atoms giving rise to modulations.
